Mechanisms of deoxyadenosine toxicity in human lymphoid cells in vitro: relevance to the therapeutic use of inhibitors of adenosine deaminase.
Deoxyadenosine (AdR) appears to be central to the molecular events mediating immunodeficiency in children born with adenosine deaminase (ADA) deficiency but it is still uncertain whether lymphotoxicity is due to AdR directly inhibiting transmethylation reactions in which S-adenosylmethionine is the methyl group donor, or is due to phosphorylation of AdR to deoxyadenosine triphosphate (dATP) which then inhibits ribonucleotide reductase or is due to other mechanisms. Using AdR and the ADA inhibitor deoxycoformycin (dCF) and assessing cell viability, nucleoside incorporation into RNA and DNA, as well as measuring deoxyribonucleoside triphosphate (dNTP) concentrations and S-adenosylhomocysteine (SAH) hydrolase activity, we have studied various types of human lymphoid cells and demonstrated in them the relative importance of the above two mechanisms of AdR toxicity. Treatment of normal resting peripheral blood lymphocytes in culture with AdR and dCF resulted in impaired viability. Although elevated dATP levels as well as decreased SAH hydrolase activities were both observed, the failure of a known inhibitor of ribonucleotide reductase (hydroxyurea) to produce toxicity, and the inability of deoxycytidine (CdR) to achieve a rescue effect, point to another mechanism, possibly inhibition of trans-methylation or ATP depletion being the more likely causes of toxicity in resting lymphocytes. The same mechanism may well account for the rapid and severe lymphopenia in patients treated with dCF. On the other hand, in cultured lymphoblasts in the exponential phase of growth. AdR and dCF produced marked inhibition of growth and cell death both in a Thy-ALL line and in a c-ALL line, in the absence of significant inhibition of SAH hydrolase, but with a substantial elevation in dATP concentrations and depressed levels of the other dNTP. Minor toxicity occurred in a proliferating B lymphoblast line despite almost complete inactivation of SAH hydrolase. These observations indicate inhibition of ribonucleotide reductase as the more likely mechanism of toxicity in rapidly proliferating lymphocytes. Other T-cells actively synthesizing DNA, such as PHA-stimulated or MLC activated lymphocytes and T-lymphoid colony forming cells, are also likely to be affected by the same mechanism. Indeed in PHA-stimulated lymphocytes, deoxycytidine caused significant although incomplete rescue from toxicity due to dCF and AdR. In patients with ADA deficiency or treated with ADA inhibitors, both mechanisms could be operative. These observations are also relevant to the possible use of dCF and AdR as immunosuppressive agents and for the removal of T-cells or residual Thy-ALL blasts from bone marr